Autographa californica multiple nucleopolyhedrovirus (AcMNPV) chitinase is involved in the final liquefaction of infected host larvae. We purified the chitinase rapidly to homogeneity from Sf-9 cells infected with AcMNPV by a simple procedure using a pepstatinaminohexyl-Sepharose column. In past studies, a recombinant AcMNPV chitinase was found to exhibit both exo-and endo-chitinase activities by analysis using artificial substrates with a fluorescent probe. In this study, however, we obtained more accurate information on the mode of action of the chitinase by HPLC analysis of the enzymatic products using natural oligosaccharide and polysaccharide substrates. The AcMNPV chitinase hydrolyzed the second -1,4 glycosidic linkage from the non-reducing end of the chitin oligosaccharide substrates [(GlcNAc) n , n ¼ 4, 5, and 6], producing the -anomer of (GlcNAc) 2 . The mode of action was similar to that of Serratia marcescens chitinase A (SmChiA), the amino acid sequence of which is 60.5% homologous to that of the AcMNPV enzyme. The enzyme also hydrolyzed solid -chitin, producing only (GlcNAc) 2 . The AcMNPV chitinase processively hydrolyzes solidchitin in a manner similar to SmChiA. The processive mechanism of the enzyme appears to be advantageous in liquefaction of infected host larvae.
Autographa californica multiple nucleopolyhedrovirus (AcMNPV) chitinase is involved in the final liquefaction of infected host larvae. We purified the chitinase rapidly to homogeneity from Sf-9 cells infected with AcMNPV by a simple procedure using a pepstatinaminohexyl-Sepharose column. In past studies, a recombinant AcMNPV chitinase was found to exhibit both exo-and endo-chitinase activities by analysis using artificial substrates with a fluorescent probe. In this study, however, we obtained more accurate information on the mode of action of the chitinase by HPLC analysis of the enzymatic products using natural oligosaccharide and polysaccharide substrates. The AcMNPV chitinase hydrolyzed the second -1,4 glycosidic linkage from the non-reducing end of the chitin oligosaccharide substrates [(GlcNAc) n , n ¼ 4, 5, and 6], producing the -anomer of (GlcNAc) 2 . The mode of action was similar to that of Serratia marcescens chitinase A (SmChiA), the amino acid sequence of which is 60.5% homologous to that of the AcMNPV enzyme. The enzyme also hydrolyzed solid -chitin, producing only (GlcNAc) 2 . The AcMNPV chitinase processively hydrolyzes solidchitin in a manner similar to SmChiA. The processive mechanism of the enzyme appears to be advantageous in liquefaction of infected host larvae.
Key words: chitinase; Autographa californica multiple nucleopolyhedrovirus; Sf-9 cells; chitin oligosaccharide; solid chitin Recently, we successfully expressed recombinant human (rh)-renin in baculovirus (Autographa californica multiple nucleopolyhedrovirus, AcMNPV)-infected Sf9 cells, and found that the mature active form accumulated in the late stage of cultivation. 1) Using this system, we easily produced and purified rh-renin, which was then used to survey human renin inhibitors. [2] [3] [4] During the expression and purification of rh-renin by baculovirusinfected Sf-9 cells, we found a large quantity of chitinase that was expressed in the culture medium at the late stage of cultivation. The chitinase was also adsorbed onto a pepstatin-affinity column, which is used for renin purification. It might have been derived from AcMNPV, which infects Sf-9 cells with the aid of chitinase activity.
AcMNPV chitinase is involved in host insect liquefaction, in that it disrupts the peritrophic membrane of insects. 5) It has been reported to show both exo-and endo-chitinase activities 5) and to act as a molecular chaperone for cathepsin protease, which itself is involved in insect liquefaction. 6,7) Corrado et al. 8) reported that the chitinase from AcMNPV has both antifungal and insecticidal activities in vitro. Transgenic tobacco plants expressing an active AcMNPV chitinase were found to exhibit resistance to biotic stress resulting from fungal pathogens and lepidopteran larvae. 8) AcMNPV chitinase can be an attractive tool for plant protection, but its mode of action is still ambiguous, because chitinase activity was determined using artificial oligosaccharide substrates with a fluorescent moiety, the 4-methylumbelliferyl (MU) group. 5) Such artificial substrates often provide data inconsistent with those obtained for natural substrates.
9) The amino acid sequence of AcMNPV chitinase is 60.5% homologous to that of Serratia marcescens chitinase A (SmChiA), 10) which has been well characterized with respect to its structure and function. SmChiA belongs to glycoside hydrolase family 18.
11) It processively hydrolyzes the -1,4-glycosidic linkage of solid chitin from the reducing end of the polysaccharide chain producing the disaccharide product. 12, 13) This mechanism appears to be of great advantage in the efficient assimilation of solid chitin for this bacterium. To understand the mechanism of insect liquefaction, it is essential to examine the mode of action of AcMNPV chitinase toward natural chitinous substrates and to compare the data with those for SmChiA.
In the present study, we purified AcMNPV chitinase from a culture medium of baculovirus-infected Sf-9 cells using a pepstatin-aminohexyl-Sepharose column and a Mono Q column. The purified chitinase was characterized with respect to mode of action toward chitin oligosaccharides and solid -chitin.
Materials and Methods
Materials. N-Acetylglucosamine (GlcNAc) oligosaccharides, (GlcNAc) n , n ¼ 2, 3, 4, 5, and 6, used as substrates were purchased from Seikagaku Biobusiness Co. (Tokyo). Squid pen -chitin (250 mm in size) was donated by Yaegaki Bio-Industry (Himeji, Japan). Serratia marcescens chitinase A and chitinase B (SmChiA and SmChiB) were produced and purified as described previously.
14) The expression and purification of family GH-18 chitinase (class V) from Nicotiana tabaccum was conducted by the methods of Ohnuma et al. 15) Other reagents were of analytical grade and are available commercially.
Expression of recombinant human (rh)-renin. Human preprorenin recombinant AcMNPV was generated by the Bac-to-Bac expression system (Invitrogen, Carlsbad, CA) following the directions supplied. Human preprorenin cDNA 16) was cloned into a pFast-Bac donor plasmid and introduced into competent DH10Bac Escherichia coli cells by transformation. White colonies were selected, and insertion of the cDNA was verified by polymerase chain reaction with primers for the 5 0 and 3 0 -ends. Recombinant bacmid DNA was generated and transfected into Sf-9 cells using Cellfectin Ò reagent (Invitrogen). The recombinant AcMNPV encoding human preprorenin was titered before it was used in protein expression.
Purification of the chitinase. We tried to purify the chitinase from the day-7 culture. The medium (200 mL) was dialyzed against 5 liters of 20 mM sodium phosphate buffer, pH 6.0, containing 0.2 M NaCl, 1 mM EDTA, 2 mM leupeptin (Peptide Institute, Osaka, Japan), and 2 mM E-64 (Peptide Institute). The dialyzed sample was applied to a column of pepstatin-aminohexyl Sepharose 17) (1:5 Â 5 cm) previously equilibrated with 20 mM sodium phosphate buffer, pH 6.0, containing 0.2 M NaCl. After the column was washed with the same buffer, it was further washed with 20 mM sodium phosphate buffer, pH 6.0, containing 1 M NaCl. Finally, the chitinase activity was eluted with 0.5 M TrisHCl, pH 7.5. Under the same chromatography conditions, both renin and chitinase activities were eluted from the column. 1) Fractions showing activity were pooled and dialyzed against 20 mM sodium phosphate buffer, pH 7.5. The dialyzed sample was applied to a Mono Q HR5/5 column (GE Healthcare Japan, Tokyo) equilibrated with the same buffer. Chitinase activity was then eluted with a linear gradient of 0 to 0.4 M NaCl. Fractions containing chitinase activity were pooled and dialyzed against 20 mM sodium phosphate buffer pH 7.0, and stored at À80 C prior to use.
Renin activity. The internally quenched fluorogenic (IQF) substrate for human renin, N-methylanthranyl (Nma)-Ile-His-Pro-Phe-HisLeu Ã Val-Ile-Thr-His-Lys-2,4 dinitrophenyl (Dnp)-D-Arg-D-Arg-NH 2 ( Ã indicates a scissile peptide bond), and a reference compound were custom-made at the Peptide Institute.
2) Hydrolysis of the IQF substrate at the Leu-Val bond was spectrofluorometrically monitored. The reaction mixture contained 44 mL of 50 mM sodium phosphate buffer, pH 6.5, 0.1 M NaCl, 0.02% NaN 3 , 0.02% Tween 20, 1 mL of 1-mM IQF substrate solution in DMSO, and 5 mL of rh-renin solution in a total volume of 50 mL. The reaction mixture was incubated at 37 C for 30 min, and the reaction was terminated by adding 0.2 mL of distilled water. The increase in fluorescence intensity was measured at an emission wavelength of 440 nm upon excitation at 340 nm. One unit of enzyme activity was defined as the amount of enzyme that produces 1 mmole of reference compound per min.
Chitinase activity. Chitinase activity was measured using 4-methylumbelliferyl (MU) -D-N,N 0 -diacetylchitobioside ((GlcNAc) 2 ) hydrate (lot 116H4123, Sigma, St. Louis, MO) as substrate. The reaction mixture contained 44 mL of 20 mM sodium phosphate buffer, pH 7.0, 0.02% Tween 20, 1 mL of 10 mM 4-MU-(GlcNAc) 2 solution in DMSO, and 5 mL of chitinase solution diluted with assay buffer in a total volume of 50 mL. After incubation of the reaction mixture at 37 C for 10 min, the reaction was terminated by adding 0.45 mL of distilled water, and the fluorescence intensity was measured at an emission wavelength of 465 nm with excitation at 355 nm. One unit of activity was defined as the amount of enzyme that produces 1 mmole of 4-MU per min.
Determination of the reaction time course. The reaction products from the chitinase-catalyzed hydrolysis of chitin oligosaccharides, (GlcNAc) n , n ¼ 3, 4, 5, and 6, were quantitatively determined by gel filtration HPLC. The enzymatic reaction was performed in 20 mM sodium acetate buffer, pH 5.0, at 40 C. The enzyme and substrate concentrations were 1.0 mM and 5.0-6.5 mM, respectively. The enzymatic reaction was terminated by adding an equal volume of 0.1 M NaOH solution, and the mixture was applied to a gel filtration column of TSK-GEL G2000PW (Tosoh, Tokyo). Elution was carried out with distilled water at a flow rate of 0.3 mL/min. Oligosaccharides were detected by ultraviolet absorption at 220 nm. Peak areas obtained for individual oligosaccharides were converted to molar concentrations, which were then plotted against reaction time to obtain the reaction time course.
HPLC of anomers of the enzymatic products. The anomeric form of the enzymatic products was determined by HPLC. The enzymatic hydrolysis of (GlcNAc) n (n ¼ 4, 5, and 6) was carried out in 20 mM sodium acetate buffer pH 5.0, at 25 C. The concentrations of the enzyme and substrate were 2.5 mM and 2.5-3.5 mM, respectively. After incubation for a given period, a portion of the reaction mixture was injected directly into a TSK Amide 80 column (Tosoh), and the elution was performed with 70% acetonitrile at a flow rate of 0.7 mL/min. The substrate and the enzymatic products were detected by ultraviolet absorption at 220 nm. The splitting mode of the oligosaccharide substrates was qualitatively estimated from the / ratios of individual oligosaccharide products in the HPLC profiles.
MALDI-TOF-MS of the reaction products. The enzymatic products from (GlcNAc) 6 were also analyzed by MALDI-TOF-MS. The reaction mixture, consisting of 1.0 mM chitinase and 4.6-5.0 mM (GlcNAc) n (n ¼ 4, 5, 6) in 20mM sodium acetate buffer, pH 5.0, was incubated for 10 min at 40 C, and immediately frozen in liquid nitrogen. A portion (1 mL) of the reaction mixture was mixed with an equal volume of 2,5-dihydroxy benzoic acid (2,5-DHB) and placed on a plate in a MALDI micro MX (Waters, Milford, MA). (GlcNAc) [1] [2] [3] [4] [5] [6] were used as standards.
Enzymatic reaction toward solid -chitin. Solid -chitin (1.0 mg) was suspended in about 9.5 mL of 20 mM sodium acetate buffer pH 5.0 and allowed to stand overnight. The enzyme solution was added to the suspension to obtain a final enzyme concentration of 0.05 mM and a final volume of 10 mL. The enzymatic reaction was conducted with constant stirring at 100 rpm at 37 C. After a given period, 50 mL of the reaction mixture was withdrawn and immediately frozen in liquid nitrogen to terminate the reaction. The enzymatic products were analyzed by HPLC using a column of TSK-GEL Amide-80 (Tosoh).
Other methods. Protein concentrations were determined with a BCA protein assay kit (Pierce, Rockford, IL) using bovine serum albumin as standard. SDS-PAGE was performed by the method of Laemmli 18) using 5-20% polyacrylamide gel (E-T520L, Atto, Tokyo). After electrophoresis, the proteins were transferred to a nitrocellulose membrane for Western blotting. 19) Prorenin processing activity was measured using a newly developed IQF substrate, Nma-Leu-Thr
Ã indicates a scissile peptide bond), by the method of Gotoh et al.
20)

Results and Discussion
Production of rh-renin and chitinase in Sf-9 cells Sf-9 cells were infected with AcMNPV at a multiplicity of infection (MOI) of 1.0 pfu/cell. The cells were then cultured in SF-900II serum-free medium (Invitrogen) using 250-mL shaker flasks on an orbital shaker at 100 rpm at 28 C. Human renin activity was not detected until day 2 (Fig. 1A) , but it increased dramatically from day 3 to day 5. When the medium was analyzed by Western blotting using anti-human renin antiserum, 19) a 43-kDa prorenin was detected on days 4
and 5 of culture, while a 40-kDa mature renin and a 38-kDa partially hydrolyzed renin were found on days 6 and 7 (Fig. 1B) . During cultivation, we detected chitinase activity in the medium, as shown in Fig. 1A . This activity was not detected until day 4, but it increased markedly on day 7. The production of the chitinase was almost exactly synchronized with that of prorenin processing enzyme (PPE), which was found to be derived from the AcMNPV genome. 20) As described below, the chitinase activity found in the culture medium was derived from the baculovirus genome, suggesting that the expression of the chitinase and PPE is regulated in a similar manner in the baculovirusinfected cells. Table 1 summarizes the purification procedure. A pepstatin-affinity column was efficiently used for chitinase purification. About 2.38 mg of purified preparation was obtained from 200 mL of culture with yield of 63.4%. To our knowledge, such a high yield and rapid purification of chitinase have not been reported previously.
Purification of chitinase
The purified enzyme preparation showed a single protein band on SDS-PAGE, with an apparent molecular weight of 65 kDa (Fig. 2) . The N-terminal sequence of the purified chitinase was determined to be NH 2 -IlePro-Gly-Thr-Pro-Val-Ile-Asp-Trp-Ala-Asp-Arg-Asn-TyrAla-Leu-Val-Glu-Ile-. The apparent molecular weight and the N-terminal sequence agreed with those of a family GH18 chitinase derived from the AcMNPV genome (Fig. 3) . Thus the purified enzyme was regarded as the chitinase from AcMNPV. A cyclic peptide has been reported to inhibit family GH18 chitinase, 21) suggesting that such peptides have strong affinity to chitinases of this family. A similar mechanism was postulated for the interaction between AcMNPV chitinase and pepstatin. Pepstatin might be a potent inhibitor of the chitinase. The purified AcMNPV chitinase was employed in subsequent enzymatic characterization.
Time-course of chitin oligosaccharide hydrolysis
To obtain the time-course of oligosaccharide hydrolysis, the enzymatic products were quantitatively determined by gel-filtration HPLC. The results are shown in Fig. 4 . AcMNPV chitinase hydrolyzed (GlcNAc) 6 , A, Time-courses of renin (--), PPE (prorenin processing enzyme, --) and chitinase (--) production in Sf-9 cells infected with baculovirus. The cells were cultured in SF-900II serum-free medium (Invitrogen) with shaking at 100 rpm at 28 C. B, Time-courses of prorenin and renin production. Western blot analysis of rh-prorenin and renin. Ten mL of medium was used for SDS-PAGE. producing ðGlcNAcÞ 2 þ ðGlcNAcÞ 4 . (GlcNAc) 5 was converted into ðGlcNAcÞ 2 þ ðGlcNAcÞ 3 , and (GlcNAc) 4 into ðGlcNAcÞ 2 þ ðGlcNAcÞ 2 . As judged from the initial velocity of the substrate degradation, the rates of hydrolysis of the oligosaccharides were similar (Fig. 4A, B , and C). (GlcNAc) 3 was also hydrolyzed by the enzyme, but the rate of hydrolysis was much lower than those for the other oligosaccharides (Fig. 4D) . (GlcNAc) 2 was not hydrolyzed at all. In the early stage of the reaction toward the substrate (GlcNAc) 6 , the amount of (GlcNAc) 4 was slightly higher than that of (GlcNAc) 2 . Similarly, the amount of (GlcNAc) 3 was higher than that of (GlcNAc) 2 in the reaction toward (GlcNAc) 5 . The release of (GlcNAc) 2 might have been suppressed in the early stage of the enzymatic reaction, probably due to the transglycosylation reaction described below.
Anomer analysis of the enzymatic products Anomer analysis of enzymatic products provides information on the cleavage site of the oligosaccharide substrates. Chromatographic profiles showing the enzymatic hydrolysis of individual chitin oligosaccharides are shown in Fig. 5 . The (GlcNAc) 2 product obtained The sequence in red was confirmed by N-terminal sequencing of the purified chitinase in this study. The underlined sequence indicates the Nterminal chitin-binding domain. Conserved amino acids are shaded in gray. The boxed sequence is the DXDXE motif, which is essential for catalysis in family GH-18 chitinases. Dots indicate the aromatic amino acids responsible for substrate binding. from substrates (GlcNAc) 5 and (GlcNAc) 6 was found to be rich in -anomer. Since the enzymatic reaction takes place through a double displacement mechanism in family GH-18 chitinases, 22) GH-18 AcMNPV chitinase should produce -anomer after hydrolysis. Thus the predominance of -(GlcNAc) 2 suggests that the second glycosidic linkage from the non-reducing end of the substrates is largely hydrolyzed by the enzyme. The ratio of /-(GlcNAc) 2 produced from (GlcNAc) 4 was higher than those produced from (GlcNAc) 5 and (GlcNAc) 6 , but -anomer was still abundant in the (GlcNAc) 2 product. This can be explained by the fact that the enzymatic hydrolysis of (GlcNAc) 4 produced -(GlcNAc) 2 from the glycon side and /-(GlcNAc) 2 in a state of equilibrium (= ¼ 1:6) from the aglycon side. Since the rate of (GlcNAc) 3 degradation is much lower than that of any other oligosaccharide (Fig. 5) , anomer formation from the enzymatic hydrolysis could not be determined, because the mutarotation reaction could not be excluded under these reaction conditions. All of these results indicate that AcMNPV chitinase hydrolyzes the second linkage from the non-reducing end of the chitin oligosaccharide substrates.
Transglycosylation
Several GH-18 chitinases have been reported to catalyze transglycosylation reactions in their native forms. 23, 24) This reaction can be applied to the enzymatic synthesis of useful sugar compounds. 25, 26) Hence, we analyzed the enzymatic products by MALDI-TOF-MS to determine whether the AcMNPV enzyme catalyzes a transglycosylation reaction. The mass spectra of the enzymatic products from substrates (GlcNAc) 4 , (GlcNAc) 5 and (GlcNAc) 6 are shown in Fig. 6 . From (GlcNAc) 4 , products (GlcNAc) 6 and (GlcNAc) 8 were produced by enzymatic transglycosylation. (GlcNAc) 7 and (GlcNAc) 8 were also produced from (GlcNAc) 5 and (GlcNAc) 6 , respectively. It is obvious that a disaccharide unit was successively transferred to the non-reducing end of the initial substrate. The transglycosylation mechanism is very similar to that reported for a family GH-18 chitinase from Coccidioides immitis.
23)
Enzymatic reaction toward solid -chitin AcMNPV chitinase hydrolyzed the solid -chitin substrate. HPLC of the reaction mixture indicated that the enzyme produces only (GlcNAc) 2 . Intermediate products, such as trimers and tetramers, were not found in the reaction mixture. The enzyme is likely to hydrolyze the solid chitin substrate processively. The time-course of (GlcNAc) 2 production from solidchitin is shown in Fig. 7 . To compare it with other processive and non-processive chitinases, the hydrolytic reaction was also performed using SmChiA, SmChiB (Serratia marcescens chitinase B), and NtChiV (a family GH-18 chitinase from Nicotiana tabaccum). Both SmChiA and SmChiB processively hydrolyze solid chitin, 12) whereas NtChiV hydrolyzes the same substrate non-processively. 15) In fact, SmChiA and SmChiB efficiently produced (GlcNAc) 2 from solid -chitin, but NtChiV did not (Fig. 7) . Although (GlcNAc) 2 formation was less efficient, AcMNPV chitinase produced (GlcNAc) 2 from the solid substrate. AcMNPV chitinase processively hydrolyzes solid -chitin in a manner similar to SmChiA. The processive mechanism of the enzyme appears to be advantageous in liquefaction of infected host larvae. Figure 3 shows the amino acid sequences of the AcMNPV chitinase and SmChiA. The two enzymes are 60.5% homologous. Both have a chitin-binding domain in the N-terminal region, whereas in SmChiB, the chitinbinding domain is located in the C-terminal region.
Comparison with micribial GH-18 chitinases
27)
The domain organization is closely related to the mode of action; that is, SmChiA processively hydrolyzes solid chitin from the reducing end, whereas SmChiB does so from the non-reducing end. 13, 28) The location of the chitin-binding domain is likely to determine the terminal end from which the processive enzymes split off the disaccharide unit. Since AcMNPV chitinase has a domain organization similar to that of SmChiA (Fig. 3) , the reducing end (GlcNAc) 2 is supposed to be released processively from the chitin polysaccharide chain by the AcMNPV enzyme (Fig. 7) . However, this is inconsistent with the results obtained in the oligosaccharide digestion experiments. The AcMNPV enzyme hydrolyzes exclusively the second linkage from the nonreducing end of chitin oligosaccharides (Figs. 4 and 5) . Upon the substrate binding, the oligosaccharides are not in contact with the chitin-binding domain, but only with the catalytic domain. Thus the mode of action toward oligosaccharide substrates is basically different from that toward polysaccharide substrates. 29) Rao et al. 5) reported that a recombinant AcMNPV chitinase showed exo-and endo-chitinase activities. They used MU-glycosides of (GlcNAc) n as substrates. The rates of MU release from (GlcNAc) 2 -MU and from (GlcNAc) 3 -MU were regarded as exo-and endo-activities, respectively. However, this idea seems to result in wrong interpretation of the experimental data. In fact, Krokeide et al. 9) suggested the risk of using artificial substrates in characterization of chitinases. Thus the data presented in this study are more reliable, and more accurately reflect the mode of action of AcMNPV chitinase toward natural substrates.
In the sequence alignment (Fig. 3) , the aromatic amino acids responsible for substrate binding in SmChiA are indicated by dots. 13) Most of these amino acids are conserved in AcMNPV chitinase except Phe232 (À5=À6 subsite) and Phe396 (þ2 subsite), which are substituted with tryptophans. These substitutions are unlikely to affect the catalytic potency of glutamic acid in the DXDXE motif (boxed region), but appear to affect the sugar residue binding. In AcMNPV chitinase, the bulkiness of the tryptophan residues might disturb the binding surface of the substitution sites, resulting in the lower affinity of the corresponding (GlcNAc) 4 Products from (GlcNAc) 4 (GlcNAc) 5 (GlcNAc) 6 Products from (GlcNAc) 5 Products from (GlcNAc) 6 AcMNPV chitinase (--), Serratia marcescens chitinases A (--) and B (--), and a family GH-18 (class V) chitinase from Nicotiana tabaccum (--). Solid -chitin (1 mg) was suspended in 10 mL of 20 mM sodium acetate buffer pH 5.0, containing 1 mg of BSA, and each enzyme was added to obtain a final concentration of 0.05 mM. The enzymatic reaction was conducted with constant stirring at 100 rpm at 37 C. (GlcNAc) 2 was determined by HPLC using a column of TSK-GEL Amide-80 (Tosoh).
subsites. This situation might bring about the lower production rate of (GlcNAc) 2 . In fact, the specific activity toward (GlcNAc) 6 of the AcMNPV chitinase (2.2 mmoles/min/mg) was considerably lower than that of SmChiA (26 mmoles/min/mg). 14) This suggests that site-directed mutagenesis of AcMNPV chitinase produces a more active form of the mutant enzyme, which can be applied to developing a more efficient strategy for pest control.
In AcMNPV chitinase, transglycosylation products were not significantly detected by HPLC (Figs. 4 and 5 ), but were detected by MALDI-TOF-MS (Fig. 6) . Similarly, in the SmChiA-catalyzed reaction toward (GlcNAc) n , transglycosylation activity was detected by MALDI-TOF-MS, but not by HPLC (Fukamizo et al. , unpublished data). These two enzymes appear to possess only weak transglycosylation activity. However, a mutation of Trp167 to alanine in SmChiA was found to enhance transglycosylation activity. 30) A similar mutation of AcMNPV chitinase seems to produce an efficient transglycosylase, which can be used to synthesize a novel sugar compound.
